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METHOD AND APPARATUS FOR
CONTROLLING AN ELECTROEROSIVE
MACHINE

BACKGROUND OF THE INVENTION

The present mvention relates to a process and to an
apparatus for controlling electroerosion (EDM) machines or
EDM devices, respectively.

DESCRIPTION OF THE RELATED ART

Machines of this type are used, among others, for fabri-
cating stamps and/or molds made of conducting materials.
The machines are generally operated with electronic control
devices which convert control mnput into control signals for
operating the machine. Advantageous here 1s the extremely
high precision: the resulting forms correspond to the desired
dimensions with an accuracy in the order of micrometers.
Disadvantageous, however, 1s the enormous manufacturing
complexity. An economical application of such machines is
therefore frequently for fabricating, for example, mold
forms, but only rarely for the series fabrication of end forms.
It 1s therefore necessary, during normal operation of an EDM
machine, before each individual workpiece 1s machined, to
enter the control data applicable only for that respective
workpiece. Aside from position and/or path coordinates of
the desired cuts, the following factors have to be considered
also: material, desired machining quality, for example
smoothness, accuracy, required electrode(s), sequence of the
process steps to be performed and so on.

Especially for EDM machines which cut stamps or molds
with the help of a wire electrode, setting the order of the
process steps to be performed can pose a problem. For
example, a difference 1s made between full cuts, separation
cuts and fine cuts. The term “full cut” 1s generally used for
the cut along the largest part of the desired cutting path. Only
a relatively small portion of the path 1s initially not machined
and 1s only afterwards machined 1n a separation cut. The
purpose for that 1s to prevent that the stamp drops uncon-
trolled from the workpiece which would result in damage to
the workpiece and/or the machine. It 1s therefore customary
in the automatic operation of the EDM machine to first
perform all full cuts. In general, it 1s not necessary for an
operator to be present. For the separation cuts, however, a
fime 1s preferably selected where an operator can be present
and can assure a controlled withdrawal of the falling stamp.

The name “trim cut” or “fine cut” 1s used for an additional
or repeated erosive passage along the cutting path - after full
cut or separation cut - 1 order to achieve the desired
machining quality. Since an extreme high position 1s always
desired, various factors, especially factors leading to
malfunctions, have to be considered. Among these factors
may be counted, for instance, environmental factors, oper-
ating times of adjacent machines generating vibrations,
flight operations at neighboring airports, rail traffic, railroad
stations, hichways and roads, etc., but also the operating
know-how within the company, etc. Consequently, various
other factors have to be considered for controlling EDM
machines, aside from the desired cutting pattern.

Conventional methods for controlling EDM machines
require control mput 1 the form of closed “programs”,
so-called control programs. Such program includes all con-
trol 1inputs and determines, for example, which cut 1s to be
performed 1 the workpiece to be machined, with which
quality, 1.e., with how many trim cuts, at which location and
in which order, etc. It 1s here customary to provide for
special process steps 1n the event of malfunctions, etc. The
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machining of the workpiece takes place after all control data
required for the complete machining of the workpiece have
been entered. The machining procedure 1s definitely set by
the closed program and cannot be changed during the
machining of the workpiece. Variations are only possible
within the framework of special process steps which were
prescribed before the machining operation was started. Cor-
rections at a later time require that the machining process 1s
stopped, a changed control program is set up, and a new
machining procedure 1s started. The requirement to enter
control data for the spark erosive machining as closed
programs, significantly reduces the user friendliness of

EDM machines.
SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to obviate
these and other disadvantages resulting therefrom and to
improve EDM machines with respect to their ease of opera-
tion and efficiency.

The invention achieves this object by providing a method
for controlling an EDM machine, wherein the required
control 1nput data, during and/or after input into a controller,
are subdivided, on one hand, into object-oriented 1nput data,
1.€. data relating directly to individual jobs, and, on the other
hand, imnto strategic input data, 1.e. data relating to the
sequence of jobs 1n the machine, and wherein said object-
oriented and strategic input data are processed differently.

Further, the object-related 1nput data are combined 1n
ogroups which comprise the control input data required for an
individual job, in particular the position, path and/or cutting
speed data (or speed of steps data), as well as at least one
individualizing feature. The controller defines on the basis of
the strategic input data the order 1n which the individual
oroups of object-related input data are used for controlling
the EDM machine. The strategic input data relate to the
individualizing features of the groups of object-related input
data 1in such a way that the order for executing the respective
jobs 1s defined. The strategic input data define a preferred
order of jobs for a trouble-free job or one or more alternate
orders of the jobs 1n the event of potential malfunctions.
Further, the strategic mput data are subdivided into func-
tional units, wherein any one of these units taken alone 1s
sufficient for executing the job(s) defined by the unit. The
ogroups of object-related 1nput data are temporarily stored 1n
arbitrary order 1n an imtermediate storage of the controller.
The controller searches the intermediate storage at least once
for groups of object-oriented input data which during the
respective job are to be executed on the basis of the strategic
input data, selects the desired groups based on their indi-
vidualizing features, recalls these desired groups from the
intermediate storage and uses these desired groups for
controlling the EDM machine. The controller repeatedly
scarches the intermediate storage for groups of object-
oriented mput data which during the respective job are to be
executed on the basis of the strategic input data, selects the
desired groups based on their individualizing features,
recalls these desired groups from the intermediate storage
and uses these desired groups for controlling the EDM
machine. Optionally, during the operation of the EDM
machine, additional object-oriented input data are entered
and/or mput data relating to already existing object-related
input data are changed. The strategic input data are
abstracted from the concrete application, assigned to at least
one 1ndividualizing feature and stored in common with said
feature. The controller continuously checks before and/or
during the operation of the EDM machine, if the strategic
input data and/or the input data directly relating to the jobs
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conform to an orderly operation of the EDM machine and it
these mput data should be replaced by suitable preset and
permanently stored mput data and/or if defective input data
are to be indicated by a messaging unit. Furthermore, an
apparatus for controlling an electroerosion machine (EDM
machine) is disclosed which includes at least one input
device and a computing device which are constructed in
such a way that the required control input data can be
subdivided, during and/or after input into a controller, on
one hand, into object-oriented input data, 1.e. data relating
directly to individual jobs, and, on the other hand, into
strategic 1input data, 1.¢. data relating to the sequence of jobs
in the machine, and wherein said object-oriented and stra-
tegic mput data can be processed differently. The controller
processes the object-related mnput data in groups comprising,
the control mnput data, 1n particular the position, path and/or
cutting or step speed data, as well as at least one individu-
alizing 1n common with said feature. The controller may
further be constructed 1n such a way that there can be
continuously checked during the operation of the EDM
machine, if the strategic mput data and/or the input data
directly relating to the jobs conform to an orderly operation
of the EDM machine and 1f these input data can be replaced
by suitable preset and permanently stored mnput data and/or

if defective mput data can be indicated by a messaging unit.

Accordingly, the invention provides a process for con-
trolling an EDM machine and an apparatus, in particular for
executing this process, wherein the required control inputs
during and/or after their input into a control device are
subdivided, on one hand, into object-related inputs, meaning
inputs relating to the individual processing steps, and, on the
other hand, into strategic inputs, meaning inputs relating to
the sequence of the processing steps 1n the machine, wherein
these 1nputs are subsequently processed differently. The
apparatus includes at least one input device and a computing
device which 1s designed 1n such a way that the desired
control 1inputs can, on one hand, be subdivided 1nto object-
relating mputs and, on the other hand, into strategic inputs,
and subsequently processed differently accordingly.
Preferably, the control apparatus of the invention includes
also a memory device and/or a message device.

In this way, the conventional closed and rigid control
program for determining the processing steps 1s eliminated.
It 1s replaced by two groups of different control inputs with
basically unlimited and diverse properties, providing novel
possibilities for operating the control devices of EDM
machines.

In the preferred embodiment of the invention, the object
related inputs are combined 1n the control device 1nto groups
which contain of the control inputs required for each indi-
vidual process step, especially the position, path and/or step
velocity data, and at least one characteristic or individual-
1zing feature. In this way, program building blocks are
obtained which, because of their characteristic features, can
be used in an arbitrary order for controlling the EDM
machine.

In another advantageous embodiment, the control appa-
ratus determines, based on the strategic input, the order in
which the individual groups of object related 1inputs are used
for controlling the EDM machine.

In another advantageous embodiment of the invention, the
strategic 1nput data in the control device make reference to
the characteristic features of the groups of object related
input data 1n such a way that the order for executing the
respective process steps 1s determined.

Preferably, the computer device determines, based on
strategic input data, a preferred order of the process steps for
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a trouble-free operation, or one or several alternate orders of
process steps 1n the event that a malfunction may occur. If
in the aforedescribed embodiment according to the first
alternative a malfunction occurs, then the “interfered” pro-
cess steps, 1.e. the process steps which caused the
malfunction, are initially skipped and completed at a later
time. In other words, the data assigned to the individual
process steps 1nclude also 1information relating to the status
of their execution or processing, €.g. executed, still to be
performed, mterrupted at point X, etc. It 1s therefore possible
to interrupt the processing of process steps (jobs) in the
event of a malfunction, to switch to performing another job
and to resume, 1n a second phase—after analysis and pos-
sibly correcting the malfunction—the execution of the first
job, starting at the stored point where the interruption

occurred.

In another preferred embodiment of the invention, the
strategic input data are subdivided into functional units (and
processed in the control device in this way), wherein each of
these functional units by itself 1s sufficient to execute the
process step(s) determined by that functional unit. This has
the advantage compared to a conventional control program
in that during the operation of the EDM machine, the
functional units not yet processed can be changed and
expanded at any time. There exists, for example, the possi-
bility for a so-called “quick start”: while 1t has been neces-
sary so far to run a complex programming phase -with a
normal duration in the order of half an hour to one hour—
before the actual operation of an EDM machine in order to
create a closed program, it 1s now possible to start the EDM
machine immediately after entering only the first functional
unit , 1.€., already after a few minutes. The remaining control
data can be entered afterwards. This corresponds to an
increase 1n efficiency in the order of ten to twenty percent.

In another preferred embodiment, the groups of object
related input data are temporarily stored 1n an intermediate
memory of the control device 1n an arbitrary order. This has
the advantage that entering the required control data can be
“chaotic”, 1.e., can occur 1n an arbitrary order. The operator
may, for example, follow any individual method without
having to take into consideration which order would be
correct for technical reasons.

Preferably, the control device searches the intermediate
memory at least once for the groups of objects related input
data which have to be executed 1n the respected process
interval as a result of the strategic input data, selects the
desired groups based on their characteristic features, recalls
the groups from the intermediate memory, and uses the
ogroups for controlling the EDM machine. In another advan-
tageous embodiment of the process according to the
invention, this step i1s performed repeatedly. In this way,
changes occurring over a very short time can also be taken
into consideration.

In another preferred embodiment, the control device i1s
constructed 1n such a way that optionally during the opera-
tion of the EDM machine additional object related mnput data
can be entered and/or already existing object related 1nput
data can be changed.

In another advantageous embodiment of the invention, the
strategic 1nput data are treated separately from the actual
application, are assigned to at least one characteristic
feature, and stored together with that feature. This has the
advantage that for example, operational know-how relating,
to advantageous sequences of cuts can be recalled at any
time once they have been entered. In this way, the program-
ming expenses and complexity associated with the operation
of the machine are significantly reduced.
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In another advantageous embodiment of the invention, the
control device checks continuously before and/or during the
operation of the EDM machine 1if the strategic input data
and/or the mput data relating directly to the process steps are
compatible with an orderly operation of the machine. If
necessary, the input data are replaced by suitable input data
which are preset and permanently stored, and/or erroneous
input data are announced via a message device. Other
objects and features of the present mvention will become
apparent from the following detailed description considered
in conjunction with the accompanying drawings. It 1s to be
understood, however, that the drawings are intended solely

for purposes of illustration and not as a definition of the
limits of the invention, for which reference should be made

to the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference numerals delin-

cate similar elements throughout the several views:

FIG. 1 a schematic representation of a control structure
corresponding to a process of the mvention without actual
changes 1n the control inputs;

FIG. 2 a schematic representation of a control structure
corresponding to a process of the invention with actual
changes 1n the control inputs; and

FIG. 3 a schematic representation of a conventional
control structure.

In FIG. 1, several control input data have already been
entered. The strategic mput data relating to the order of
process steps 1 the machine are grouped into functional
units 1-11. They are arranged 1n a working memory 12
linearly, 1.e. sequentially, and are processed in the order
indicated by arrow 13. In the process step shown, there 1s a
functional unit 1 1 the execution phase. The unit makes
reference to groups of object related mnput data associated
with that unit, wherein the input data directly fix certain
process steps, €.g. full cuts, trim cuts and/or separation cuts
which are indicated hereinafter by the characteristic feature
“oamma”. This 1s indicated by the symbol arrow/gamma and
the connecting arrows 15, 17, and 19 between the functional
unit 1 and the groups of object related 1input data 21, 23, and
25 m the Figure. The order and the content of the functional
units 1-11 may have been recalled from a memory 27, either
1n 1ts entirety or in part, or may have been entered anew via
an mput device 29, either 1n 1ts entirety or 1n part.

The groups of object oriented mput data 21, 23, 25, and
31 are characterized by the attributes alpha, beta, gamma, X,
y, and z and include each the control mput required for a
single process step, especially the position path and/or step
velocity data. They are stored 1n an intermediate memory 33
in arbitrary order and can be recalled from a memory 27 in
the same way as the functional units, or may have been
entered a new via an mput device 29. Here, the memories 27
and 33 may be independent memory devices of arbitrary
design or may be sections 1n a single memory. In the
depicted process stage, a control device 35 converts the
object related mput data 21, 23, 25 1nto control signals for
operating the EDM machine 37. The control device 35 did
previously search the intermediate memory 33 for object
related groups characterized by the feature gamma. These
groups are processed 1n the order in which they were found.
Subsequently, the functional unit 1 1s removed from the
working memory 12 and stored otherwise or 1s removed- as
having been processed from the further process, while the
functional unit 3 1s subsequently processed 1n the same way.
The other functional units 5—11 follow.

After their (first) processing, the object related groups 21,
23, 25, and 31 are not removed from the intermediate
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memory 33. It 1s then possible, for example for trim cuts—
which follow the full cuts and separation cuts—to return to
the path coordinates described by the above object related
oroups. It would also be possible to remove the object
related groups 23, 25, and 31 from the intermediate memory
33 1f they are no longer needed. Possible also 1s an automatic
determination of the full and separation cut region when the
cutting path 1s preset.

In FIG. 2, there 1s shown the same process stage as in FIG.
1. Processed at this point in time i1s the functional umit 1
which relates to object related groups characterized by
“oamma”. Simultaneously, various changes were and are
made during the process execution. For example, the order
of the functional units 3—9 was mterchanged, and the unit 11
was omitted. This may have occurred automatically, for
example, on the basis of errors that occurred; it may also
have occurred as a result of changes entered manually by the
operator who, for example, wanted to take 1nto account new
imnformation about external interferences, error sources, etc.
A decisive advantage 1s here the basically unlimited freedom
of design and consequently flexibility of the process of the
invention resulting therefrom. Also at this point in time,
other object related groups 40, 41, and 43 as well as the
functional unit 47 are entered and the object related group 39
1s deleted. This has no impact on the ongoing operation of
the EDM machine 37.

If the process of the mvention 1s designed 1n such a way
that the intermediate memory 33 1s searched for object
related groups characterized, for example, by gamma, also
during the time when the functional unit 1 1s processed, then
the newly entered data of a fourth group 43 of this type can
still be taken into consideration (indicated by arrow 485).

Finally, in FIG, 3, there 1s sketched as a comparison a
conventional control program representing the present state
of the art. The object related and the strategic input data are
entered 1n an interconnected fashion and are processed
linearly. Exceptions are only preprogrammed branch points
49 and 51 which, however, are processed at preset fixed
program sections. A corrective intervention during the pro-
cess execution 1s not possible.

Thus, while there have been shown and described and
pointed out fundamental novel features of the invention as
applied to a preferred embodiment thereof, it will be under-
stood that various omissions and substitutions and changes
in the form and details of the devices 1llustrated, and 1n their
operation, may be made by those skilled in the art without
departing from the spirit of the invention. For feature. The
controller 1s constructed 1n such a way that based on the
strategic 1nput data, the order can be defined in which the
individual groups of object-related mput data are used for
controlling the EDM machine.

Further, the controller, based on the strategic mput data,
relates to the individualizing features of the groups of
object-related mput data mn such a way that the order for
executing the respective jobs 1s defined. The controller 1s
constructed 1 such a way that based on the strategic 1input
data, there can be defined a preferred order of the jobs for a
trouble-free job or one or more alternate orders of the jobs
in the event of potential malfunctions. The controller pro-
cesses the strategic input data into functional units, wherein
any one of these units taken alone 1s suflicient for executing
the job(s) defined by the unit. The controller is constructed
in such a way that the groups of object-related mnput data can
be temporarily stored 1 arbitrary order in an intermediate
storage of the controller. The controller 1s constructed in
such a way that the intermediate storage i1s repeatedly
scarched for groups of object-oriented 1nput data which
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during the respective job are to be executed on the basis of
the strategic mput data, that the desired groups are selected
based on their individualizing features, recalled from the
intermediate storage and used for controlling the EDM
machine. The controller 1s constructed 1n such a way that
optionally, during the operation of the EDM machine, addi-
tional object-oriented 1nput data can be entered and/or input
data relating to already existing object-related input data can
be changed. Further, the controller 1s constructed such that
the strategic mput data are abstracted from the concrete
application, assigned to at least one individualizing feature
and can be stored example, 1t 1s expressly intended that all
combinations of those elements and/or method steps which
perform substantially the same function 1n substantially the
same way to achieve the same results are within the scope
of the invention. Substitutions of elements from one
described embodiment to another are also fully intended and
contemplated. It 1s also to be understood that the drawings
are not necessarily drawn to scale but that they are merely
conceptual 1n nature. It 1s the intention, therefore, to be
limited only as indicated by the scope of the claims
appended hereto.

What 1s claimed 1s:

1. A method for controlling an electroerosion machine to
perform a plurality of jobs, comprising the steps of:

a. combining object-oriented 1nput data relating directly
to individual jobs mto groups, each group including
control 1nput data required for an individual job,
wherein the control input data includes at least one of
position data, path data, and cutting speed data;

b. characterizing each group with a predetermined type of
working process including the step of:
bl. adding characterizing features;

c. storing each group of object-oriented input data
together with the corresponding characterizing features
in an 1ntermediate storage;

d. referring to the characterizing features of the groups of
object-oriented 1nput data within strategic mput data
relating to a sequence of jobs in the machine;

¢. searching the intermediate storage using a controller for
groups of object-oriented mput data together with the
corresponding characterizing features required by the
corresponding strategic input data;

f. processing groups of object-oriented input data
searched in step (e); and

o, defining the sequence of jobs by the controller using the
plurality of strategic input data; and

h. executing the sequence of jobs by repeating steps
(@)2)

2. The method according to claim 1, wherein the strategic
input data define one of a preferred sequence of jobs for a
trouble-free operation and at least one alternate orders of the
jobs 1 the event of potential malfunctions.

3. The method according to claim 2, wherein the strategic
input data are subdivided into functional units and wherein
any one of these units taken alone 1s suflicient for executing
the job defined by the unit.

4. The method according to claim 3, wherein the groups
of object-related mput data are temporarily stored in arbi-
trary order 1 an intermediate storage of the controller.

5. The method according to claim 4, wherein the control-
ler searches the intermediate storage at least once for groups
of object-oriented input data which during the respective job
are to be executed on the basis of the strategic mput data,
selects the desired groups based on their characterizing
features, recalls these desired groups from the intermediate
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storage and uses these desired groups for controlling the
clectroerosion machine.

6. The method according to claim 4, wherein the control-
ler repeatedly searches the intermediate storage for groups
of object-oriented 1input data which during the respective job
are to be executed on the basis of the strategic input data,
selects the desired groups based on their characterizing
features, recalls these desired groups from the intermediate

storage and uses these desired groups for controlling the
electroerosion machine.

7. The method according to claim 6, wherein optionally,
during the operation of the electroerosion machine, addi-
tional object-oriented 1nput data are entered and 1nput data
relating to already existing object-related input data are
changed.

8. The method according to claim 7, wherein the strategic
input data are abstracted from the concrete application,
assigned to at least one characterizing feature and stored 1n
common with said feature.

9. The method according to claim 8, wherein the control-
ler continuously checks before and during the operation of
the electroerosion machine, if the strategic input data and the
input data directly relating to the jobs conform to an orderly
operation of the electroerosion machine and if these input
data should be replaced by suitably preset and permanently
stored mput data and if defective input data are to be
indicated by a massaging unit.

10. An apparatus for controlling an electroerosion

machine to perform a plurality of jobs, comprising:
at least one input device; and

at least one computing device mncluding;:

means for combining object-oriented input data relat-
ing directly to individual jobs, into groups wherein
cach group including control input data required for
an 1ndividual job, wheremn the control input data
includes at least one of position data, path data, and
cutting speed data;

means for marking the association of these groups with
predetermined types of working processes having
characterizing features;

means for storing each group of object-oriented 1nput
data together with the corresponding characterizing
features 1n an intermediate storage;

means for referring to the characterizing features of the
groups of object-oriented 1nput data within strategic
input data relating to a sequence of jobs 1n the
machine;

a controller for searching the intermediate storage for
groups of object-oriented 1input data together with the
corresponding characterizing features required by
the corresponding strategic input data;

wherein the controller processes groups of object-
oriented input data searched by the controller; and

wherein the controller defines the sequence of jobs
using a plurality of strategic input data for the
sequence of jobs to be repeatedly executed using the
referring means and the controller.

11. The apparatus according to claim 10, wherein the
controller 1s constructed such that, based on the strategic
input data, there can be defined a preferred job sequence for
a ftrouble-free operation or one or more alternate job
sequences 1n the event of potential malfunctions.

12. The apparatus according to claim 10, wherein the
controller processes the strategic input data into functional
units, and wheremn any one of said units taken alone 1s
suflicient for executing the job defined by the unit.

13. The apparatus according to claim 12, wherein the
controller 1s constructed such that the groups of object-
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related 1nput data can be temporarily stored in arbitrary
order 1n an intermediate storage of the controller.

14. The apparatus according to claim 13, wherein the
controller 1s constructed such that the intermediate storage 1s
repeatedly searched for groups of object-oriented input data
which during the respective job are to be executed on the
basis of the strategic input data, that the desired groups are
selected based on their characterizing features, recalled from
the 1mntermediate storage and used for controlling the elec-
froerosion machine.

15. The apparatus according to claim 14, wherein the
controller 1s constructed 1n such a way that optionally,
during the operation of the electroerosion machine, addi-
fional object-oriented 1mput data can be entered and input
data relating to already existing object-related input data can
be changed.

10

15
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16. The apparatus according to claim 15, wherein the
controller 1s constructed such that the strategic input data are
abstracted from the concrete application, assigned to at least
onc characterizing feature and stored together with said
feature.

17. The apparatus according to claim 16, wherein the
controller 1s constructed such that there can be continuously
checked before and during the operation of the electroero-
sion machine, 1f the strategic mput data and the input data
directly relating to the jobs comply with an orderly operation
of the electroerosion machine and 1if these input data can be
replaced, if necessary, by suitably preset and permanently
stored mput data and/or defective mput data can be trans-
mitted by a massaging unit.
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